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Tsunehiko Nishikawa* & Koji Ito** : An experimental 
hybridization of the Adonis amurensis group and 
morphological comparisons of cultivars*** 

• Mr^**: ^ v a y * omWfM t 

In 1978 and 1979 Nishikawa and Ito showed three different chromosome 
numbers (2n = 16, 32 and 24) in northern Japanese Adonis plants including one 
cultivar Fukujukai. Then, it was pointed out that the occurrence of 2n=24 
chromosome number was limitedly found in the cultivar Fukujukai and that its 
origin was presumably a hybridization between a 2n=16 plant and a 2n = 32 
plant. Thus Nishikawa, one of the authors, made an attempt to cross between 
Adonis plants with 2n = 16 and those with 2n = 32 obtained from wild habitats 
in 1978 and 1979. 

Materials and methods The parent materials were collected from the 
following: Towada, Aomori Pref. in N. Honshu (A-l), Utanobori, Abashiri 
Pref. in N. Hokkaido (A-2), Ohmagoshi, Aomori Pref. in N. Honshu (B-l), and 
Kuromatsunai, Shiribeshi Pref. in SW. Hokkaido (B-2). 

Crossing experiments were carried out with potted plants indoor in March 
1980 in Asahikawa. The emasculation of flowers was performed before blooming. 
Before blooming and therafter, female flowers were isolated with parafine bags. 
Seeds were obtained at about 5 weeks after post-pollination. For the purpose 
of the effective raising, seeds were sown after the harvesting in April 1980. 

Determination of the somatic chromosome number was made by using root 
tips and ovules. These materials were initially treated with 0.1% aqueous 
solution of colchicine for 1 to 2 hours. The following procedures were the same 
as those of the previous paper (Nishikawa & Ito 1979). 

Pollen fertility was estimated by Tateoka’s method (Tateoka 1973). Pollen 
grains from the mature anthers were stained by cottonblue-lactophenol solution. 


* Biological Laboratory, Asahikawa College, Hokkaido University of Education, Asahikawa 070. 
** Graduate School of Environmental Science, Hokkaido University, Sapporo 060. 
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Crossing experi¬ 
ments In the crossing, 
A. ramosa (A-l, 2n= 
16) x A. amurensis (B- 
1, 2n = 32), 34 seeds 
were obtained in 1980, 
and 6 seedlings were 
raised from them in 
April 1981. The chro¬ 
mosome numbers of 
them were 2n = 24 as 
shown in Fig. 1-A. 

The reciprocal 
crossing was also at¬ 
tempted. 16 seeds were 
obtained in 1980, but no seedlings were raised in 1981. In 1981 the repeated 
reciprocal crossing was made and many seedlings were raised in 1982, and they 
showed 2n = 24 chromosome number. 

In the crossing, A. amurensis (B-2, 2n = 32)xA. amurensis var. puberula 
(A-2, 2n = 16; cf. Nishikawa & Ito 1978), 54 seeds were obtained and 15 seedlings 
were raised in April 1981. The chromosome numbers were 2n = 24 as seen in 
Fig. 1-B. The reciprocal crossing was not successful partly because of difference 
of the flowering time from each other, and partly of the lack of sufficient 
numbers of plants in the experiment. 

From the results of these two experiments, it was shown that the chromo¬ 
some number of 2n=24 can be derived from the hybridization between 2n=16 
and 2n = 32 plants, or between 2n = 32 and 2n=16 plants. 

Fig. 2 shows that somatic chromosome numbers of Adonis cultivars are 
2n = 16, 24, 32 and 40, and Tab. 1 lists the chromosome numbers of twenty-four 
Japanese Adonis cultivars and their pollen fertility. It is noteworthy that pollen 
fertility of 2n = 24 and 2n=40 cultivars was extremely low, less than 10 % \ that 
of 2n = 16 and 32 cultivars was almost normal, from 79 to 98%, although very 
few are exceptional. 

The present situation is somewhat problematic, because the authors’ dis¬ 
cussion on the hybrid origin has been based on the belief in X = 8 as the basic 



Fig. 1. Somatic chromosomes of hybrids between tne 2n = 16 plants 
and the 2n = 32 plants. A: 2n = 24 {A. ramosa with 2n = 16 X A. 
amurensis with 2n = 32). B: 2n = 24 (A. amurensis with 2n = 
32 X A. amurensis with 2n = 16). 
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Tab. 1. Chromosome number and pollen fertility of Adonis cultivars. 

Name of cultivars 


Number of 
stocks 

Chromosome 
number (2n) 

Pollen 

fertility {%) 

Kotobuki 


2 

16 

_* 

Hinomotoko 


1 

16 

96.5 

Hinodeko 

0©aiir 

2 

16 

98.6** 

Tamatebako 

EE ^ ffi 

1 

16 

71.6 

Sandanzaki 

= © m 

1 

16 

_* 

Shichifukujin 

-b n n 

1 

16 

20.0 

Jitsugetsusei 

HUM 

2 

24 

3.0** 

Nadeshiko 

m =? 

1 

24 

0.8 

Kinsekai 

& ifr # 

2 

24 

2.5** 

Fukujukai 

?g W M 

2 

24 

5.3** 

Kinshi 

^ SI 

2 

24 

5.1** 

Shiun 

m m 

2 

24 

5.5** 

Beninadeshiko 

SE M ¥ 

2 

24 

1. 6** 

Garaku 

at m 

2 

32 

94.4** 

Henge 

m it 

1 

32 

87,4 

Benten 

ft ^ 

1 

32 

86.8 

Kogiku 

/J> M 

2 

32 

84.1** 

Kinsai 


1 

32 

38.5 

Tsumaoregasa 

/Hlf ^ 

1 

32 

34.1 

Gosho 

m m 

1 

32 

91.5 

Chichibuko 


1 

32 

90.0 

Sado 

fe m 

1 

32 

80.9 

Fukurokuju 

^ W 

1 

40 

1.8 

Taiho 

ft M, 

1 

40 

5.6 


* All stamens and pistils are transformed into petals. 
** Average values. 


number of the genus Adonis. In Japanese materials of A. amurensis . s. 1., the 
chromosome numbers hitherto reported are n = 12 (Ishikawa 1916, Takamine 
1916), n — 20 (Sugiura 1931) and 2n = 24 (Kurita 1955). These chromosome 
counts suggest that all the chromosome numbers of 2n = 24 might not be derived 
from a simple hybridization among Adonis plants which are attributed to the 
basic number of X = 8, if the materials used by them were not obtained from 
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Fig. 2. Somatic chromosomes of Adonis cultivars. A: 2n = 16 (Hinomotoko), 
nadeshiko). C: 2n = 32 (Garaku). D: 2n=40 (Fukurokuju). 


commercial sources but obtained certainly from wild habitats or their derives. 
In addition, the suggestion means that there is a possibility of the X—4 as the 
basic number (Kurita 1963), although the present experimental results are not 
in accordance with the latter. 

Comparison of some morphological characters Shape of petals and of sepals. 
All cultivars show that the shape of petals is usually elliptic to obovate. The 
shape of sepals is usually elliptic, or often obovate except for 2n = 16 individuals 
which show usually obovate and not elliptic. ; 

Petal color. On the basis of the color of petals on the inside, the cultivars 
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are grouped into three. The 1st group 
is reddish orange in the color, includ¬ 
ing Hinodeko (2n = 16), Hinomotoko 
(2n = 16), Beninadeshiko (2n = 24), 
and Chichibuko (2n = 32). The 2nd 
group is pale yellow, including Shiun 
(2n = 24) and Benten (2n = 32). The 
3rd group is bright yellow to golden 
yellow, including Kotobuki (2n = 16), 
Tamatebako (2n = 16), Sandanzaki 
(2n —16), Shichifukujin (2n = 16), 
Fukujukai (2n = 24), Kinsekai (2n = 
24), Jitsugetsusei (2n = 24), Nadeshiko 
(2n = 24), Kinshi (2n=24), Garaku 
(2n=32), Sado (2n=32), Henge (2n = 
32), Gosho (2n = 32), Kogiku (2n=32), 
Kinsai (2n = 32), Tsumaoregasa (2n = 
32), Fukurokuju (2n=40) and Taiho 
(2n=40). However, the specific 
relation of the color to the chromo¬ 
some number is not clearly recogni¬ 
zable. 

On the contrary, the color of 
petals on the outside shows a good 
correlation with the ploidy. The 
cultivars with 2n = 24, 32 and 40 are 
commonly yellow tinged with purple 
or dark purple as a whole, whereas 
those with 2n=16 are reddish brown 
on the upper margin of the petals. 

Sepal color. Except for the 
cultivars with 2n = 16, in which sepals 
are pale green inside and pale green 
or dark green outside, sepals are 
commonly yellow to pale yellow inside 


a 

a 

o 

O 




O 


o 


to 
05 13 
a a 
<a <u 

tO 

CO 


to 

a>13 

Cl 4—) 
Ct) 05 

.a <a 
co 


a 05 
©•a 

U g 

x a 
o g 


u a a 

bco 05 

05 O h 


P.O 


^ 05. 


*3 

^a.a 

bJD 

_i u 

■5 « a 

•g ° a 

118. 

oca 

TS* 3 


<V 

'Eh CD 

1 ag 

2 » a 

05 05 

a ^ 

a 1 gx) 

g a o 

^ O 4-J 
w 03 
2 


o 




m 2 > 
Oh'+H O 

OXl 


19 — 



84 


m 3 ^ 


TO 60 ^ 3 n 


and dark purple to purple outside. 

Relation of sepal length to 
petal length. Nishikawa & Ito 
(1979) showed the relation of 
sepal length to petal length was 
applicable to the classification of 
Adonis. As seen in Fig. 3, this 
application was considered to be 
valid in this case, too. The 
diploid and triploid cultivars were 
characterized by having petals 
longer than sepals : the tetraploid 
was characterized by having 
petals which are nearly as long 
as sepals. Among them, the 
. diploid cultivars have the shortest 
sepals. 

Number of flowers per stem. 
The number of flowers per stem ranged from 1 to 9. However, it was very 
conspicuous that most of the tetraploid cultivars had only one flower per stem, 
and that the triploid cultivars had 3 to 6 (average 4.9) as seen in Tab. 3. 

Achenes and aggregate fruit. The achenes were observed on 13 fertile 
stocks. In the diploid cultivars, the achenes were smaller in size, lighter in 
color, and, in addition, thinner in hairiness than those in the rests. 

As seen in Fig. 4 (A-D), the aggregate fruit of the diploid cultivars was 
different from that of the rests. In the diploid cultivars it was globose and 



4 0 4 8 12mm 
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Fig. 3. Scatter diagram showing the relationship of 
“petal length minus sepal length” to “sepal 
length” of Adonis cultivars. 


Tab. 3. Number of flowers per stem. 


Chromosome Number of Number of No. of flowers per stem 
number (2n) cultivars stocks 123456789 avera § e 


16 

6 

8 

0 

1 

3 

1 

1 

0 

1 

0 

1 

4.5 

24 

7 

13 

0 

0 

2 

3 

4 

3 

0 

1 

0 

4.9 

32 

9 

11 

8 

1 

1 

1 

0 

0 

0 

0 

0 

1.5 

40 

2 

2 

0 

1 

0 

1 

0 

0 

0 

0 

0 

3.0 
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Fig. 4. Aggregate fruits. Adonis cultivars (A: 2n = 16 Hinomotoko, B: 2n = 24 Kinshi, C: 2n = 32 
Henge, D: 2n=40 Fukurokuju). Wild Adonis plants (E: 2n = 16 from Towada, F: 2n = 16from 
Kitami, G: 2n = 32 from Flidaka). 


smaller than that in the rests. A similar tendency was shown in the aggregate 
fruit of wild diploid Adonis collected at Towada as seen in Fig. 4 (E-G). 

Hairiness of leaves. No differences were observed among the cultivars on 
hairiness of leaves. They were commonly subglabrous to glabrous beneath, and 
glabrous above. 

Flowering time. The flowering time of diploid cultivars was later than that 
of the rests. Tab. 4 shows the comparison of flower, opening date in 1982 in 
the cultivars under consideration. As seen in the table, the diploid cultivars 
blossomed from late April to early May; the rest cultivars finished the blossom 
by late April. 
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Tab. 4. Date of flower opening in 1982 of 



Names of cultivars and 

Chromosome 


localities of wild plants 

number (2n) 


Kotobuki 

16 


Hinomotoko 

16 


Hinodeko 

16 


Tamatebako 

16 


Sandanzaki 

16 


Shichifukujin 

16 


Jitsugetsusei 

24 


Nadeshiko 

24 


Kinsekai 

24 


Fukujukai 

24 

CO 

u 

Kinshi 

24 

CS 

> 

Shiun 

24 


Beninadeshiko 

24 

D 

o 

Garaku 

32 


Henge 

32 


Chichibuko 

32 


Sado 

32 


Benten 

32 


Kogiku 

32 


Kinsai 

32 


Tsumaoregasa 

32 


Gosho 

32 


Fukurokuju 

40 


Taiho 

40 


Nishine (Iwate Pref.) 

16 


Towada (Aomori Pref.) 

16 

S 

Maruseppu (Hokkaido) 

16 


Kitami (Hokkaido) 

16 


Shichinohe (Aomori Pref.) 

32 

2 

Hirosaki (Aomori Pref.) 

32 

Asahikawa (Hokkaido) 

32 


Toyoura (Hokkaido) 

32 



00 
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Fig. 5. Pollen grains of Adonis cultivars. A: 2n = 16 (Hinodeko). B: 2n = 24 (Kinsekai). C: 2n = 32 
(Garaku). D: 2n = 40 Claiho). 

Pollen fertility. Tab. 1 and Fig. 5 show the pollen fertility. It was detected 
without difficulties that the pollen fertility of the even-polyploid cultivars was higher 
than that of the odd-polyploid cultivars. In the former, the pollen fertility was 
75.0^0 on average and considerably higher than that in the latter (3.5% on 
average), although in Shichifukujin (2n=16), Tsumaoregasa (2n = 32) and Kinsai 
(2n = 32) it was exceptionally low (from 20 to 39%). In some flowers of penta- 
ploid cultivars, solid anthers sometimes contained gigantic pollen grains which 
were about 3.5 times as large as the normal-sized ones, and empty anthers were 
often observed in a single flower. The autohrs considered that it resulted from 
disturbed meiosis. 

Discussion In the previous paper (Nishikawa & Ito 1979), the authors 
pointed out that Japanese cultivars of Adonis might comprise three taxa, A. 
amurensis Regel et Radde (2n = 16 and 32), A. ramosa sensu Gorovoy et Gur- 
zenkov (2n=16) and a cultivar Fukujukai (2n = 24), and that the triploid Adonis 
plants were found only in cultivars but not in wild populations. In the present 
work, a possible origin of the triploid cultivar is shown. Thus Japanese cultivars 
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of Adonis may be grouped into three on the basis of ploidy and origin: 1) 
dipldid cultivars descending from a diploid wild Adonis, A. ramosa sensu Gorovoy 
et Gurzenkov (Kotobuki, Hinodeko, etc.), 2) tetraploid ones descending from the 
Honshu type of A. amurensis (Nishikawa & Ito 1979; Benten, Kogiku etc.), and 
3) tri- and pentaploid ones derived from the hybrid between diploid and tetraploid 
plants. In the last case,' judging from the flower opening time, the diploid 
parent seems to be A. ramosa but not A. amurensi var. puberula. 

Each cultivar group is characterized by some morphological features. Diploid 
cultivars bear some flowers on a stem; sepals are obovate in outline, pale to 
dark green in color, and shorter than petals; fruits are almost globose. Tetra¬ 
ploid cultivars bear a sole flower on a stem; sepals are tinged with purple to 
dark purple color outside and similar in length to petals. Triploid and pentaploid 
ones bear some flowers on a stem; sepals are somewhat shorter than petals. 
They are similar in gross morphology to A. amurensis with 2n = 32 and have low 
pollen fertility. 
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2n = 16 <D A. ramosa t 2n = 32 © A. amurensis, 2n = 16 © A. 
amurensis ( = A. amurensis var. puberula ) t 2n = 32 © A. amurensis L©j^j3c$I 
vm^btcWm*, 2n = 24 
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